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Introduction 

Studies  of  the  pressure-tempo  rature-composlti  on  rela¬ 
tionships  for  the  various  rare  earth  metal-hydroger  aystoms 
comprised  a  major  line  of  Invest!,  atior.  of  these  systems. 
Such  an  investigation  demands  the  use  of  a  vacuum  line* 
with  suitable  methods  of  measuring  pressure,  temperature, 
and  composition.  Methods  of  measurement  will  he  described 
briefly  here,  ur.d  a  more  complete  description  of  the  appa¬ 
ratus  constructed  for  use  will  bo  found  in  the  following 
sections  of  this  chapter. 

Pressure  measurements  were  made  using  a  nwrcury  ma¬ 
nometer,  a  cathetomotor,  or  a  McLeod  gauge,  depending  on 
the  magnitude  of  the  pressure  to  be  measured. 

n  hlgh-temperature  thermostatted  fumuce  was  used  to 
maintain  temperuturca,  which  were  noasurod  with  thermo¬ 
couples. 
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a  sllioa  torsion  balance  was  constructed  for  use  in 
determining  the  composition  of  the  solid  phase  present.  In 
a  few  experiments  a  silica  helix  balance  was  used. 

apparatus 

Vacuum  line.- -A  schematic  diagram  ol’  the  vacuum  line 
constructed  for  use  in  these  investigations  is  shown  in 
llgure  1.  It  nay  he  soon  from  the  diagram  that  the  line 
consisted  essentially  of  two  different  sections,  on©  of 
which  was  used  in  preparing  the  sanrlos  for  %-ray  dlffrao- 
tion  studios,  and  the  other  for  dissociation  pressure  meaa- 
uromont s . 

The  former  included  a  Toopler  punp  an'-'  gas  buret,  and 
a  ground-glass  Joint  for  attaching  the  apparatus  with  the 
capillaries  scaled  to  it.  ..  detailod  description  of  this 
apparatus  is  given  in  Chapter  V.  Tho  ot>  er  section  of  the 
line  Included  a  mercury  manometer,  a  1-liter  storage  bulb, 
a  connection  to  the  torsion  balance,  and  an  oponln^,  via 
stopcock,  to  the  outside,  for  use  in  (.  l  tss-blowing  or  in 
admitting  nitrogen  to  the  lire,  either  section  could  be 
evacuated  with  a  mercury  diffusion  pump  and  fore-pump. 

Both  sections  used  the  same  :<‘.oLeod  gauge,  and  were  also 
connected  to  the  same  uranium  hydride  reservoir  used  for 
purifying  the  hydrogon.  lor  experiments  usin;  deuterium,  a 
uranium  deuterido  rosorvolr  was  soal«d  directly  to  the  line. 
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Manonjetor.—  The  manometer  was  constructed  of  13 -mm. 
tubing,  and  both  arms  wore  connected  through  stopcocks  to 
t^s  manifold,  headings  were  made  to  tho  nearest  estimated 
0*1  mm.  in  each  arm.  u  glass  *oale  was  used,  and  tempera¬ 
ture  corrections  applied  when  Justified  (International 
Critical  Tables,  I,  68—69).  The  resulting,  values  were 
rounded  off  to  the  nearest  millimeter. 

Cathetometer .— The  ca the tome ter  used  was  actually  a 
small  travelling  microscope  whicn  had  been  converted  to  a 
telescope  by  use  of  a  different  objective  lens.  It  wus 
read  to  0.01  mm.  for  each  arm.  of  tho  manometer.  Tomperature 
correction  for  a  brass  scale  was  applied,  und  resulting 
pressure  values  were  rounded  off  to  the  nearest  0.1  mrr.., 
unless  tho  pressure  being  re.d  wus  in  the  fluteau  region 
discussed  bolow.  The  cuthetonoton  was  used  for  tho  pres¬ 
sure  run*  e  of  3  to  40  mrr. 

jtcLeod  gau^e .--The  iicLeod  gauge  used  was  similar  to 

that  described  by  strong  (1938).  Calibration  und  operation 

of  the  guuge  were  also  essentially  the  same  as  described 

there.  Tr.e  principal  point  of  difference  worth  noting  is 

that  there  wus  u  small  bulb  blown  in  tho  lower  end  of  the 

capillary  atop  the  l*rte  bulb  Vj,  givirg  a  vulue  of  Ahp  of 

8.00  cc«  The  equations  for  the  low  and  high  pressure  rang¬ 
es  were: 
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1)  P  ■»  4.10  x  lO^t^h^)2  mra.,  corresponding  to  (14) 
of  Strong*  and 

2)  P  «  O.OUAhjrjn,)  nr.,  corresponding  to  (15)  of 
Strong. 

The  largest  value  of  possible  in  1)  was  about 

125  nan.,  corresponding  to  a  pressure  of  about  0.064  mm., 
and  the  largest  value  of  Ah^g,  possible  in  2)  was  510  mm., 
corresponding  to  a  pressure  of  5.1  mm.  headings  for  equa- 
tlon  2)  were  too  low  by  1 '  because  of  pressure  in  the  cap¬ 
illary,  and  they  were  too  high  hy  about  0.5*  because  of  the 
temperature  factor.  The  net  effect  of  about  0.5?  error  due 
to  these  factors  was  neglected,  since  readings  were  taken 
to  the  nearest  mm.,  unless  the  value  of  Ah  was  of  the  order 
of  10  mir..,  in  which  case  an  effort  was  made  to  obtain  a 
more  careful  reading. 

Headings  for  equation  1)  wore  also  taken  to  the  near¬ 
est  mm.,  and  since  the  lowest  pressures  measured  were  usu¬ 
ally  above  0.01  mm.,  corresponding  to  Ah  of  approximately 
50  nr.,  an  error  of  about  2}  was  possible  here. 

Oas  buret.— The  gas  buret  consisted  of  five  bulbs, 
and  was  connects „•  at  Its  upper  end  to  a  Toepler  pump  of  the 
usual  design  of  150-cc.  capacity,  and  at  its  lower  end  to  a 
mercury  reservoir  and  to  vertical  lengths  of  tubing  of  the 
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*!■*•  oorm  acting  the  bulb*,  *o  that  pressure*  could  b*  ascertained. 


Torsion  Balance. — See  Technical  Report  ZZ 


Helix  balance. --In  a  few  of  tho  experiments  In  which 


•mailer  metal  samples  were  used,  especially  with  the  metals 
ytterbium  and  samarium,  a  silica  helix  balance  was  used,  of 
the  usual  design.  Its  total  capacity  was  approximately  300 
mg.  Lxtenslon  of  the  helix  with  respect  to  a  fiducial 
pointer  was  measured  with  a  filar  micrometer  microscope. 
Sensitivity  of  the  set-up  used  was  0.36  mg. /scale  division. 
This  balance  was  used  orly  for  douteride  preparations.  In 
which  the  maximum  increase  lr.  weight  of  a  200-mg.  sample 
would  be  6  to  8  mg.  Since  0.01  scale  cJlvislon  could  be 
read,  high  accuracy  In  measuring  composition  appears  possi¬ 
ble  of  being  attained,  hut  this  was  to  a  large  extent  nul¬ 
lified  by  lrreproduclblllty  of  tho  readincs,  owing  princi¬ 
pally  to  vibration,  accuracy  of  composition  measurements 
Is  estimated  to  he  within  1 %,  hov/ever. 

Hlxh-tanoeratura  thermostat  tad  furnace.— See  Technical  Report  H. 


Thermocouples.  — Jem;  ora  turps  were  measured  using 
Chrome 1- a lumel  thermocouples,  constructed  of  Ho.  20  wire 
(0*81  mt..)  and  checked  against  standard  melting-point  sam¬ 
ples  of  zinc  (419.43°  c»)  and  aluminum  (659.7°  C.)  obtained 
from  the  National  bureau  of  standards,  as  first  prepared, 
these  thormocouplos  si  owed  a  deviation  from  the  standard 
samples  of  lees  than  0.2°  C.  (<0.0l  millivolt).  ith  pro¬ 
longed  use,  however,  the  thermocouples  began  to  read  high, 
and  corrections  amountinc  to  as  much  as  2°  C.  had  to  be  ap¬ 
plied.  i  tandurd  conversion  tables  Vtundard  51051”  pub¬ 
lished  by  the  Leeds  ft  I.orthrup  Company  wore  used. 

The  t'r  emocouple  wires  adjacent  to  ty  e  Junctions  were 
threaded  throuth  twin-bore  porcelain  insulators,  which  were 
then  inserted  into  lencths  of  7-mm.  vycor  tubing.  This  tub¬ 
ing,  in  the  case  of  the  hot  Junction,  was  fastened  to  the 
lont  silica  tube  extending  down  into  the  furnace,  so  that 
the  Junction  was  at  the  sumo  level  as  the  sample  inside  the 
molybdenum-foil  cup.  The  cold  Junction  was  maintained  at 
0°  C.  in  an  ice-water  mixture  in  a  Lewar  flask. 

Potentiometer.— Thermocouple  voltug-es  were  measured 
using  a  Leeds  *  Nortbrup  Portable  Precision  Fotontiometer 
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Model  No.  8668.  In  the  temperature  range  of  the  experi¬ 
ments  the  corresponding  voltages  extended  from  approximately 
22  to  35  millivolts,  and  the  instrument  could  be  read  to 
the  nearest  0.01  millivolt,  equivalent  to  approximately 
0.24°  G.  The  standard  cell  in  the  instrument  was  occa¬ 
sionally  checked  against  j.pploy  standard  cells  which  had 
been  compared  to  L  B.  o.  cells. 

Reagents 

Preparation  of  the  metal  samples.— The  metals  lan¬ 
thanum,  cerium,  praseodymium,  neodymium,  samarium,  and  yt¬ 
terbium  were  obtained  through  the  courtesy  of  I;r.  F .  H. 
Gpedding  of  the  Institute  for  atomic  Hesearch,  Iowa  rtate 
Collogo,  air.os,  lov/a.  The  preparation  of  the  first  four  of 
those  metals  by  reduction  of  the  rare  oarth  chloride  with 
calcium  is  described  by  v peddlng  V  Duane  (1952).  These  met¬ 
als  were  described  by  Dr.  opeddlng*  as  containing  the  fol¬ 
lowing  possible  impurities,  below  the  limits  indicated: 

<150  ppm  Ga  in  each  metal; 

<500  ppm  Ce,  Pr,  and  hd  In  the  La; 

<500  ppm  Kd  and  La  in  the  Ce  and  Fr; 

<600  ppm  Gm  in  the  Nd; 

a  few  ppm  le  and  fcg,  and  some  dissolved  nitride  and 

^Spedding,  F.  H.  Private  communication,  1951. 


oxide  (perhaps  0.1  to  0.2,(  oxide)  In  otioh  motal. 

The  preparation  of  samarium  and  ytterbium  by  reduction  of 
the  oxides  with  lanthanum,  and  simultaneous  volatilization, 
has  been  described  by  l.aane,  Dennison  k  Spedding  (1953)* 
Spectrographlc  analyses  were  supplied  and  gave  the  follow¬ 
ing  data: 

Samarium:  <0.01*  Ca,  Kg,  Pe; 

<0.05  -  hd,  and  Cd| 

^0.25«  Du; 

La,  Dl,  Ta  not  detected. 

Ytterbium:  < 0.01)-'  Al,  Ca,  Ha; 

be.  La,  Lu,  Ta,  Tm  not  detected. 

Europium  motal  was  prepared  by  the  same  mettod  through 
the  courtesy  of  Dr.  ipoddlng  from  ouropium  oxalate  decahy- 
drate  gruoloualy  loaned  by  Mrs.  Herbert  K.  McCoy.  The  mot¬ 
al  contained  <150  ppm  La  or  Ca,  with  Cd,  Sn,  Pe,  Cu,  Ta, 
and  Si  not  detected.'*’ 

The  metala  lanthanum,  cerium,  praseodymium,  and  noo- 
dymlum  were  received  under  mineral  oil,  and  stored  in  this 
way.  A  recent  communication  from  Dr.  Speddlng  stated  his 
belief  that  this  is  poor  praotloe,  and  that  the  rare  earth 
metals  alowly  react  with  the  oil  to  form  hydrides  and  oar- 

O 

bides  in  the  motal,  He  also  stated  that  metal  which  has 
been  stored  under  oil  evolves  considerable  gas,  most  of 
which  ia  hydrogen,  n  weight  decrease  of  the  order  of  1  mg.. 


1»2Spedding,  1.  H.  Private  communication,  1955. 
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possibly  owing  to  loss  of  hydrogen,  was  observed  a  number 
of  times  in  this  investigation  when  samples  of  metal  weigh¬ 
ing  approximately  750  mg.  had  been  heated  to  600°  C.  in  a 
vacuum. 

Samples  of  these  metals  were  prepared  by  first  cut¬ 
ting  the  large  massive  block  into  smaller  pieces  of  slight¬ 
ly  more  than  the  desired  weight  with  a  glass-outtlng  wheel; 
simultaneous  cooling  by  a  stream  of  water  was  essential. 
Individual  samplos  were  cleaned  with  a  file  under  mineral 
oil,  rinsed  in  light  petroleum  ether  (Skelly  A),  and  subse¬ 
quently  kept  under  this  liquid  until  they  were  placed  in 
the  pan  of  the  torsion  balance,  except  for  time  spent  in 
weighing  them.  This  procedure  of  cleaning,  weighing,  plac¬ 
ing  on  the  balance,  and  subsequent  evacuation  of  the  system 
was  always  carried  out  as  rapidly  as  possible. 

Ytterbium  and  samarium  were  merely  kept  stored  in 
small,  tightly-closed  containers,  since  they  react  very 
slowly  with  air.  Samples  were  prepared  as  described  above, 
except  that  they  were  not  o leaned  undor  mineral  oil,  and 
were  out  initially  with  a  chisel. 

Europium  metal  is  much  more  reaotlve  than  any  of  the 
rare  earth  metals  mentioned  above.  It  was  kept  sealed  in 
glass  under  vaouum,  and  samples  used  were  made  up  of  shav¬ 
ings  out  off  with  a  knife,  in  a  dry  box  filled  with  C02* 
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Purification  of  hydrogen.— Tank  hydrogen  was  passed 
first  through  a  '’I-eoxo"  platinized  asbestos  catalyst,  to 
convert  tbe  oxygen  impurity  to  water,  and  then  through  a 
drying  tube  containing  “Anhydrone”  (magnesium  porc^lcrate). 
It  was  then  pussed  throuth  u  urunlun  hydrldo  reservoir, 
which  was  maintained  at  a  tempt rulure  of  approximately  750° 
C.  If  only  a  small  quantity  of  hydrogen  was  desired.  It 
was  sometimes  obtained  by  merely  heating  the  reservoir,  to 
evolve  the  desired  amount  (Spedding,  Newton,  ..arf,  Johnson, 
Nottorf,  Johns  Sc  Laane,  1949)*  sturdy  Se  i'ulford  (1956) 
mention  that  mass  spectrometer  analysis  of  hydrogen  ob¬ 
tained  from  the  thermal  decomposition  of  urunlum  hydride 
has  Shown  the  major  Impurity  to  he  0.02*  nitrogen. 

Deuterium  was  obtained  from  a  reservoir  ol‘  uranium 
deuteride,  which  had  been  prepared  from  massive  uranium 
and  tank  deuterium.  The  latter  was  obtained  from  the  ftew- 
art  Oxygen  Company,  and  was  labelled  as  99.5*  deuterium. 

Th  e  molecular  woi,  ht  of  the  gus,  assuming  0.5*  hydrogen, 
was  calculated  as  (0.995  x  2.0147)  +  (0.005  x  1.0081) » 
2.01. 

Procedure  in  preparing  hydrides 

Ihe  following  paragraphs  describing  hydrldo  prepara¬ 
tions  apply  to  preparations  on  the  torsion  and  holix  bal¬ 
ances,  and  In  the  >.-ray  capillary  apparatus,  described  In 
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Chapter  V.  As  a  rule  the  m-.  tal  samples,  prepared  as  des¬ 
cribed  In  the  preceding  section,  were  outgussed  for  several 
hours  at  600°  C.,  and  then  cooled  to  room  temperature  be¬ 
fore  hydrogen  was  admitted  to  the  system.  Keuction  usually 
occurred  in  a  few  minutes  after  this  preliminary  treatment. 

Metal  samples  which  had  not  undergone  this  preliminary 
treatment  did  not  usually  react  with  hydrogen  until  they 
had  been  heated  to  u  tomperuturo  >.hich  varied  over  a  range 
of  260-365°  C.,  at  least  for  a  number  of  lanthanum  and  oe- 
rlum  samples.  However,  on  a  few  occasions  reaction  did  oc¬ 
cur  ut  room  temperature  even  without  any  preliminary  heat¬ 
ing  or  outgassing  of  the  sample.  On  a  few  occasions  hydro¬ 
gen  was  admitted  to  metal  samples  which  were  being  main¬ 
tained  at  a  temperature  of  approximately  300°  C.;  reaction 
was  usually  iircr.ediute  under  such  circumstances. 

Some  plots  showing  the  quantity  of  hydrogen  absorbed 
witfti  time  are  given  in  appendix  i,  ligures  9-12.  'ihese  are 
all  for  samples  of  metal  which  had  not  previously  been 
treated  with  hydrogen. 

In  an  effort  to  obtain  maximum  absorption,  the  reac¬ 
tion,  once  it  had  begun,  was  usually  allowed  to  continue 
at  room  temperature.  Jesuits  were  not  very  concordant,  as 
absorption  usually  occurred  to  u  hydrogen: metal  atomic  ra¬ 
tio  of  from  approximately  2.6  to  2.9.  On  one  occasion 
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absorption  to  2.9b  was  measured  volumetrieally  for  a  sample 
of  lanthanum  hydride  prepared  in  the  x-ray  capillary  appa¬ 
ratus.  If  the  hydride  samples  were  taken  through  addition¬ 
al  heating  and  cooling  cycles,  in  which  hydrogen  would  be 
evolved  and  ro-absorbed,  and  a^ain  allowed  to  cool  to  room 
temperature  in  hydrogen,  additional  absorption  often  oo- 
curred,  to  a  somewhat  higfcor  hydrogen-metal  atomic  ratio. 

This  additional  absorption  on  longer  treatment  is  in¬ 
terpreted  as  a  sign  that  Initially  the  entire  metal  sample 
had  not  reacted  with  hydrogen,  r.uch  behavior  provided  the 
largest  contribution  to  the  error  in  the  measurement  of  the 
composition  of  the  product.  This  matter  has  alroady  been 
mentioned  above  in  connection  with  the  report  of  Muthmann  fc 
Baur  (1902).  It  is  bulloved  that  such  Incomplete  reaction 
may  be  due  to  un  oxide  layer  on  the  grains  of  the  massive 
metal  sample,  similarly,  the  initial  lack  of  reactivity  of 
most  metal  samples  which  had  not  undergone  any  preliminary 
heating  and  outclassing  may  also  be  due  to  the  presence  of 
oxides • 

Measurement  of  dissociation  pressures 

as  a  rule,  dissociation  pressure  ourves  were  obtained 
iso  thermally—  that  is,  tho  temperature  was  maintained  at  s 
constant  value,  and  hvdrogon  was  added  to  the  system  or  re¬ 
moved  from  It.  Onoe  equilibrium  had  bean  reached*  the 
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pressure  was  measured,  and  tho  composition  was  determined 
from  the  reading  obtained  with  the  torsion  balance  (or  the 
helix  balance),  actually,  a  number  of  roadint  s  were  often 
taken,  until  it  was  seen  that  the  system  was  not  undergoing 
further  change.  Equilibrium  was  usually  established  quite 
rapidly,  however,  and  as  a  rule  measurements  of  different 
points  were  made  10  to  15  minutes  apart. 

Most  of  the  dissociation  pressure  data  were  obtained 
both  by  dosorption  and  absorption  of  hydrogen  by  the  sam¬ 
ple.  This  is  to  say  that  an  isotherm  at  a  given  tempera¬ 
ture  was  usually  first  constructed  from  a  series  of  points 
obtained  by  evolution  of  hydrogen  from  the  sample,  A  cor¬ 
responding  isotherm  was  then  constructed  from  a  series  of 
points  obtained  by  re -absorption  of  hydrogon  by  tho  sample. 
Such  pairs  of  isothoras  usually  showed  good  agreement,  well 
within  experimental  error.  In  plots  of  the  data,  only  a 
single  isothorm  has  therefore  boon  drawn  through  all  points 
obtained  at  a  given  temperature.  Tho  dissociation  pressure 
data  obtained  for  the  various  motal-hydrogcn  systems  are 
given  in  appendix  II,  Tables  7-18,  and  are  shown  graphic¬ 
ally  in  Appendix  IX,  Figures  15-25. 1 

^Two  graphs  are  presented  for  each  system:  one  for 
the  plateau-pressure  region  and  lower  pressures  at  very  low 
compositions  in  the  few  instances  in  which  these  lsttor 
points  were  obtained,  and  the  second  graph  for  the  high- 
pressure  region. 
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The  isotherms  for  tho  systems  formed  by  hydrogen  and 
the  metals  lanthanum,  cerium,  praseodymium,  and  neodymium^ 
displayed  in  general  the  hehuvlor  first  dosorlbed  in  de¬ 
tail  by  Gieverts  &  Huller-Ooldegg  (1923)  for  mischmetal- 
hydrogen  systems  at  800°  C.j  that  Is,  they  consisted  of 
three  different  branches.  These  are:  1)  an  initial  as¬ 
cending  curve  at  low  hydrogen  composition,  2)  a  constant- 
pressure  plateau  indicating  the  co-existence  of  two  solid 
phases,  and  3)  a  final  ascending  curve  extending  into  the 
region  of  higher  hydrogen  composition. 

The  exact  limits  of  the  two-phase  region  were  r.ot 
very  precisely  determined  in  most  cases,  but  it  was  appar¬ 
ent  that  they  were  dependent  on  the  temperature  and  the 
particular  metul.  In  general,  however,  those  limits  were 
near  tho  compositions  ^Hq.4  and  approuohing  each  oth¬ 

er  as  the  temperature  was  raised,  and  thus  indicating  that 
above  a  certain  "critical "  temperature  the  horizontal  por¬ 
tion  of  the  isotherms  would  disappear.2  Tills  disappearance 

was  observed  by  Gieverts  &  Itoell  (1925)  for  isotherms  at 
1100°  C.  However,  as  the  authors  reported,  samples  which 

1  The  samarium-hydrogen  system  Is  discussed  in  Appen¬ 
dix  IV. 

Actually,  the  800°  C.  isotherms,  as  determined  by 
Gieverts  ft  Xiuller-Coldegg  and  also  for  some  systems  in  the 
present  investigation,  already  display  a  slight  slope  in 
the  plateau  pressure  region. 
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had  been  pumped  on  at  this  tomperature  melted,  though 
hydrogen-rich  samples  did  not.  The  isotherms  gave  no  in¬ 
dication  of  the  formation  of  the  liquid  phase.  It  was  not 
established  that  a  sample  which  had  beon  melted  in  this 
manner  would  still  absorb  hydrogen,  and  liaplay  a  plateau 
in  the  dissociation  pressure  isotherm  at  800°  C.  Other 
complications  here  would  be  possible  reaction  with  the  con¬ 
tainer,  and  vaporization  of  the  rare  earth  metal.  This 
would  bo  ar.  interesting  region  for  further  Investigations. 

The  limits  of  the  two-phase  region  found  at  800°  C. 
by  Sicvorts  *c  y.ullor-Coldogg  were  nour  the  compositions 
IlHq.2  ttRd  MH1.5*  Maximum  absorptions  in  most  of  their  ex¬ 
periments  went  only  to  compositions  of  however,  com¬ 

pared  to  ttHg.g  i1*  the  present  investigation,  as  discussed 
below. 

The  dissociation  pressure  values  reported  by  sieverts 
&  Muller-Goldegg  for  the  two-phase  region  of  the  800°  C. 
isotherms  arc  approximately  the  same  as  those  determined  in 
the  present  investication.  Zhukov  (1913)  had  earlier  re¬ 
ported  that  the  dissociation  pressure  between  450°  and  510° 
C.  for  cerium  hydride  was  about  1  nrn.  as  long  as  the  pro¬ 
portion  of  hydrogen  did  not  exceed  that  corresponding  to 
CeHg,  but  this  is  very  high  compared  to  the  pressure  of  ap¬ 
proximately  0.02  mm.  found  for  the  cerium-hydrogen  system 
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at  the  considerably  higher  temporaturo  of  598°  C.  in  the 
present  investigation. 

Isotherms  reported  by  »'.ulford  &  holloy  (1955)  for  the 
cerium-,  praseodymium-,  and  neodymium-hydrogen  systems  are 
very  similar  to  those  reported  in  this  dissertation.  No 
very  significant  differences  exist.  One  point  of  differ¬ 
ence  is  the  location  of  purt  3)  of  the  isotherms  with  re¬ 
spect  to  the  composition  axis.  Reference  may  be  made  here 
to  the  preceding  section  on  preparation  of  the  hydrides.  In 
which  there  is  civen  a  short  discussion  concerning  the 
often-observed  initial  incomplete  reaction  of  the  entire 
metal  samr le  with  hydrogen,  it  w«s  found  that  oven  after  a 
number  of  heating  and  coolln^  cycles,  and  sut sequent  meas¬ 
urement  of  a  series  of  points  at  eueh  of  a  number  of  differ¬ 
ent  temperatures,  sudden  additional  absorption  would  occur, 
.'•ubeequont  re-determination  of  the  isotherms  would  show 
them  to  bo  shifted  to  the  right  along  the  composition  axis, 
toward  higher  compositions.  Often  later  experiments,  car¬ 
ried  out  in  an  of fort  to  determine  the  reproducibility  of 
•arllor  results,  showed  a  similar  displacement  of  the  iso¬ 
therms.  Hany  of  the  results  wore  discarded  because  of  this 
effect,  and  those  remaining,  at  leust  in  the  region  of  the 
third,  or  ascending  branch  of  the  isotherms,  were  usually 
derived  from  experiments  in  which  the  maximum  absorption 


had  reached  a  composition  of  approximately  1%_g(  after 
eoveral  cycles  of  heating  and  cooling. 

flateau  preasuroa,  ehich  Kulford  t  Holley  else  re- 
ported  for  the  lanthanum-hydrogen  system,  are  not  too 
eidoly  different,  except  in  the  case  of  cerium.  *  „or. 
detailed  comparison  is  tiven  below. 
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APPENDIX  I 

RATE  OF  ABSORPTION  DATA 


Composition  (H$Ce) 


Tine  (seconds) 


Figure  9 

Rate  of  absorption  of  hydrogen  by  oeriun- 
Temperature «60°  C-,  Pressure ~770  n*n. 
Experiment  7-218. 


Sample  had  been  outgassed  at  600°  C. 
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Figure  12 . 

Rate  of  absorption  of  deuterium  by  ytterbium. 
Temperature  400°  C°»  initial  pressure  450  mm „„  final 
pressure  350  mm.  Temperature  had  increased  slightly  at 
65*minube  mark,  increasing  rate  for  a  time.  Data  from  Ex¬ 
periment  6-219.  The  metal  had  been  exposed  to  deuterium 
about  20  hours  at  room  temperature,  and  then  was  heated 
over  the  course  of  55  minutes  to  400°  C.,  at  which  point 
the  graph  above  begins.  Maximum  absorption  went  to  YbDi  gy 


